The development of cytopathogenic changes in chicken embryo fibroblasts infected with the herpesvirus of the turkey, strain PB-THV t, and the release of virus particles into the supernatant of infected cultures is accelerated at temperatures higher than 37 °C and is fastest at 4I °C, the norm# body temperature of chickens. The growth rate of HVT in CEF cultures was followed by determination of the number of virus genome equivalents within infected cells at various time intervals p.i. A temperature-dependent increase in the amount of virus DNA per infected cell could be detected, which is highest at 41 °C. At all temperatures tested (34, 36, 4I and 43 °C) the number of virus genome equivalents per infected cell ultimately reaches the same level. In the course of infection, virus DNA in CEF cultures at 37 and 41 °C becomes associated with the cellular DNA, as determined by neutral CsC1 gradients of the total cellular DNA and hybridization of each fraction with a2P-labelled virus-specific complementary RNA. Association of virus to cellular DNA occurs earlier at 41 than at 37 °C. However, the same proportion (45~o) of the total virus DNA appears ultimately to be associated with cellular DNA at both temperatures. A temperature-shift of CEF cultures infected with PB-THVI from 4I to 37 °C 24 h p.i. resulted in the same replication kinetics of virus DNA as was found at 4t °C.
INTRODUCTION
The herpesvirus of the turkey (HVT) was first isolated by Kawamura et al. (I969) and by Witter et aL (197o) from blood and kidneys of turkeys. Chickens and turkeys were shown to be susceptible to HVT infection, but the virus was apathogenic for both species. An antigenic relationship between HVT and Marek's disease virus (MDV) was detected by agar gel precipitin, fluorescent antibody and neutralization tests. Based on these findings, HVT was used successfully as vaccine virus against Marek's disease.
Recently, however, Witter et al. (1976) reported on the occurrence of microlymphomas in nerves and gonads of chickens two weeks after inoculation with the HVT vaccine. These lesions did not lead to any clinical manifestation and regressed later in the infection. Thus, HVT is suspected to have a limited oncogenic potential and HVT-induced immunity may be at least partially directed against tumour-specific antigens.
In contrast to herpes simplex or pseudorabies virus, HVT and MDV grow slowly in tissue culture and remain largely cell-associated. Since growth properties of herpesviruses can be influenced by different temperatures, experiments were done to elucidate the effect of incubation temperature on HVT induced cytopathogenic changes, release of HVT into , O/ was pre-incubated as a ~ o ,~, solution in 0"o5 M-tris-HCl, pH 7"5, for 2 h at 37 °C before use. Escherichia coli RNA polymerase containing sigma factor was a generous gift of Professor W. Zillig (Munich). Membrane filters (Selectron-Filter BA 85) were purchased from Schleicher and Schuell (Dassel). Virus strain. Throughout these studies the HVT strain PB-THVI (Churchill et al. 1973 ) was used. PB-THVI vaccine virus was purchased in a lyophilized cell-free form from the Vemie Veterin~ir Chemie, GmbH (Kempten, Niederrheim).
Cells, media and virus growth. Primary cultures of chicken embryo fibroblasts (CEF) were prepared from specific pathogen-free eggs as described (Solomon et al. I968) . The cells were grown in TC-I99 medium supplemented with 7 ~ bovine serum, IO ~ tryptose phosphate broth, 2oo/zg streptomycin/ml, 2oo units penicillin/ml and zoo units moronal/ml. Forty eight h after seeding, cells were confluent and were infected at a multiplicity of 5 × IO -~ p.f.u./cell with cell-free PB-THVI. After a 2 h adsorption period at 37 or 4 x °C, cultures were re-filled with maintenance medium consisting of TC-I99 medium free of thymidine, supplemented with tryptose phosphate broth and antibiotics, but with no bovine serum. Twenty-four h after infection cells were labelled with 2o/zCi of methyl-3H-thymidine/ ml of medium.
Virus purification and preparation of the virus DNA. Virus was purified from the supernatant or cytoplasm of infected cell cultures at various intervals p.i. The supernatant was freed from cellular debris by low-speed centrifugation for 2o rain. Thereafter, the supernatant was directly layered on dextran T Io gradients (~o to 3O~o, w/v, in D20). Dextran T Io was used because of its low osmolarity. The 3o~ solution was made up in D20 to increase its density and to prevent the aggregated particles from pelleting. The gradients were centrifuged for I h at 25 ooo rev/min in the Beckman SW 17 rotor. After centrifugation, nucleocapsids were found in a diffuse light-scattering band between the lower and middle third of the tube.
For large-scale production of purified virus, e.g. for virus DNA preparation, virus was pelleted from the supernatant, dissolved in a small vol. of PBS without Ca 2 + and Mg 2+ and incubated with pancreatic DNase at a concentration of 5o/~g/ml for 2 h at room temperature before it was layered on dextran Tlo or sucrose gradients. Virus from the cytoplasm was prepared in the following way: cells were suspended in sterile water at 4 °C for 3 to 4 h and thereafter homogenized with lo strokes in a Dounce homogenizer. Sufficient 6o~ sucrose solution was added to yield a final concentration of o'z5 M (Spear & Roizman, I971) to stabilize the nuclei, which were separated from the cytoplasm by a I5 min centrifugation at 25oo rev/min. The cytoplasm was treated with DNase and the virus was purified on dextran T lO gradients in the way described above. The main virus band on these gradients was enriched in enveloped virus particles, but also contained many nucleocapsids, as revealed by electron microscopy of negatively stained virus particles in whole mount preparations.
For preparation of DNA the clearly visible virus bands were pelleted by centrifugation in the Beckman SW 27 rotor for 9o min at 25000 rev/min. The virus pellets were dissolved in a small vol. of PBS without Ca 2 + and Mg 2 + and lysed by the addition of half a vol. of a 3 ~o sarcosyl solution containing 75 mM-tris-HCl, pH 9"0 and 25 mM-EDTA. After a 1o min incubation at 55 °C the solution was cooled down to room temperature and incubated with pronase (Calbiochem, final concentration o.I ~) for 2 h at 37 °C. Solid CsC1 was added to a final density of 1'7o6 g/ml. The gradients were run in the type 5o Ti rotor for 60 h at 33ooo rev/min and 2o °C. They were havested in o' ~ 5 ml fractions and the distribution of the DNA was determined by counting the ~H radioactivity in each fraction. The peak fractions were pooled and dialysed against o.oi M-tris-HCl, o.ool M-EDTA, pH 8.0. DNA to be used for transcription into a complementary RNA was dialysed against o.2 M-KC1, o.oI M-tris-HCI, o'oo~ M-EDTA, pH 8-o. The yield of virus DNA was about 8/~g from I I ofsupernatant. Cellular DNA from infected cells was extracted according to Marmur (I96~) .
Preparation of complementary RNA and hybridization procedures. These methods have been described previously (Lindahl et al. I976; .
Preparation of high mol. wt. DNA from HVT infected cells and conditions of gradient centrifi4gation. Monolayers of infected CEF were scraped off the culture flasks, washed twice in PBS without Ca z+ and Mg 2+ and were suspended in this buffer at a concentration of lo 7 cells/ml. The cells were lysed by the addition of half a vol. of a 3 ~o sarcosyl solution containing 75 mM-tris-HCl and 25mM-EDTA, pH 9"o. After 3o min at room temperature, o.J rot. of a ~ ~ pre-incubated pronase solution in o'o5 M-tris-HCI, pH 7"5 was added and the mixture was incubated at 37 °C for z h. The solution was diluted with 3 vol. of a o'o5 M-tris-HCl, pH 8.o buffer and was brought to a density of I'71o g/ml by the addition of solid CsCI. Klebsiellapneumoniae3H-thymidine labelled DNA (lo 5 ct/min///g, p = I'717 g/ ml) was added as a density marker (4ooo ct/min per gradient). The gradients were overlaid with paraffin oil and centrifuged to equilibrium in the Beckman type 60 Ti rotor for 6o h at 33ooo rev/min and 2o °C. They were harvested in 0'4 ml fractions. The density distribution of the total DNA was determined by reading the absorbance at 260 nm. The position of the K. pneumoniae DNA was found by measuring the 3H label in each fraction. HVT DNA sequences were determined by hybridization of each fraction with HVT-specific complementary RNA.
The ratio of associated to free virus DNA was determined planimetrically. With the aid of the intrinsic K. pneumoniae DNA marker the curve of free HVT DNA from Fig. 4 (a) was superimposed on all CsCI density gradients and was used to calculate the amount of nonintegrated virus DNA within the cellular DNA of productively infected CEF at various times post infection. The total virus DNA on these gradients was determined by hybridization of each fraction to complementary 32P-RNA. From the distribution of free and total virus DNA the curve for integrated virus DNA was constructed and measured planimetrically.
RESULTS

Cytopathogenic changes in CEF cultures infected with the herpesvirus of the turkey (HVT) at 37 and 4 x °C, growth of HVT in these cultures at 34, 37, 41 and 43 ~C, and release of virus particles into the supernatant at 37 and 4I °C
CEF infected with HVT strain PB-THVI at a multiplicity of 5 × 1o 2 p.f.u./cell showed a temperature dependent development of cytopathogenic changes. At 37 '~C the first rounded cells appeared around the third day p.i., and the foci extended during the following days (Fig. la, c) . The cells did not detach from the surface of the culture flask before the sixth to seventh day p.i. At 41 °C cytopathogenic changes developed much faster. The first rounded cells appeared as early as 24 h p.i. and developed into large granulated cells within 
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(c) a t 4 I°C l o h p . i . ; ( d ) a t 4 1°C 6 8 h p . i . ; ( e ) a t 3 7°C I o h p . i . ; ( f ) a t 3 7°C 6 8 h p . i . @ @,
Total DNA, determined by the absorbance at 26o nm; @ ---@ , 3H-PB-THVI D N A purified from virus particles and added to high tool. wt. C E F DNA, determined by counting all; (7) The release of virus particles into the supernatant was determined by measuring 3H-thymidine incorporation. At various intervals p.i. supernatants were harvested, freed from cellular debris by low-speed centrifugation, directly mounted on [o to 3 o~ dextran T to gradients and spun in the Beckman SW 27 rotor for 6o min at z5ooo rev/min. SH-thymidine incorporation was determined by trichloroacetic acid precipitation of a sample of each fraction on to nitrocellulose filters.
At 41 °C the release of virus particles reached a maximum between 6o and 7o h p.i., whereas at 37 °C the release was delayed with a maximum between 12o to 14o h p.i. The final number of virus particles in the supernatant at 41 °C 6o to 7o h p.i. and in the supernatant at 37 °C 12o to t4o h p.i. was essentially the same. 
Shift experiments
CEF cultures infected at 41 °C and incubated for a period of 24 h at 41 °C were shifted to 37 °C. As is shown in Fig. 3 C. KASCHKA-DIERICH AND R. THOMSSEN Fig. 4(b) to (f) shows CsC1 density gradients of chicken cell DNA at various times p.i. The distribution of virus DNA was determined by hybridization of each fraction with a~P-labelled complementary RNA. As can be seen in Fig. 4 , a time-and temperaturedependent shift of HVT DNA sequences from the density of free virus DNA to the lighter position of cellular DNA occurs in the course of infection. The percentages of free and associated virus DNA are presented in Table L The association of virus to cellular DNA occurs earlier at 41 °C than at 37 °C, but at 68 h p.i. an equal amount of free and associated virus DNA sequences appear to be present at both temperatures.
DISCUSSION
The temperature requirements of many herpesviruses differ, particularly between those infecting poikilotherms and those infecting homeotherms. We have grown HVT at different temperatures (34, 37, 41 and 43 °C) on chicken embryo fibroblasts. Cytomorphological changes (Fig. I) , release of virus particles into the supernatant of infected CEF cultures and growth of HVT (Fig. z) were fastest at 41 °C, the normal body temperature of chickens. At all temperatures tested, however, release of virus particles into the supernatant and the growth of the virus, which was determined by the rate of virus DNA synthesis, finally reached the same level.
In accordance with our findings, E. F. Kaleta & G. Gltinder (personal communication) observed different growth rates of HVT at 37 and 41 °C, which were identical to the rate of virus DNA synthesis shown in Fig. 2 . On the other hand Lee eta/. 0978) reported no significant difference between the growth of HVT at 37 and 4~ °C. One reason for this discrepancy in our results might be the low input multiplicity of o.ool p.f.u, per cell used by these authors. It should also be taken into consideration that different cell culture systems (CEF and DEF) were used.
A temperature shift from 41 to 37 °C 24 h p.i. did not decrease the rate of virus DNA synthesis compared with that at 4J °C. This acceleration of virus growth at 41 °C might be related to a temperature-dependent state of the virus DNA in infected cells. First experiments on the intracellular form of the virus DNA in chicken embryo fibroblasts at different times p.i. and at different temperatures are represented. HVT DNA in CEF cultures IOh p.i. at 37 °C is nearly exclusively present in a free form, whereas the same incubation period at 41 °C apparently led to an association of the virus to the cellular DNA. At 68 h p.i., nearly 5o~ of the virus DNA present in productively infected cells appears to be associated with the cellular DNA.
It can be speculated that the accelerated growth of HVT at 41 °C is due to an early association of virus DNA to cellular DNA. More generally, this observation would lead to the conclusion that an association, which might be a true integration, of virus to cellular DNA is required not only for the transformation of cells but also for a lytic virus cycle. Integration of virus DNA into cellular DNA has been observed in other lytic systems, e.g. adenovirus type 2 (Schick & Doerfler, I978) and herpes simplex virus type ~ (Biegeteisen et at. 1977) .
Furthermore, it has been shown that ts mutants of adenovirus type 2 and 5 can integrate into the cellular DNA in spite of a block in virus DNA replication (Schick & Doerfler, I978; C. Tyndall, H. B. Younghusband & A. J. D. Bellett, unpublished data), whereas cellular DNA replication appears to be required for the process of integration (Fanning & Doerfler, I977) .
Whether the association of HVT DNA to cellular DNA is a true integration of virus DNA into cellular DNA characterized by a linear covalent interaction of these two DNAs remains to be elucidated.
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